Abstract There is no doubt that the success of minimally invasive parathyroidectomy (MIP) has changed the whole treatment of patients with primary hyperparathyroidism, especially the approach towards traditional bilateral neck exploration. A single adenoma is the most common cause of primary hyperparathyroidism and its removal results in cure. Hence, it is worth the effort to localise and excise the single adenoma using modern technologies such as highquality sestamibi scans and to confirm complete excision using rapid intra operative parathormone (IOPTH) assays. The objective of the study was to evaluate the feasibility of rapid IOPTH assay in successfully facilitating minimally invasive parathyroid excision. This research involved the retrospective study of seven patients, who underwent MIP at Sagar Hospital in Bengaluru, India, for parathyroid adenoma. All patients with evidence of unifocal disease on sestamibi scanning and cervical ultrasonography, underwent MIP via 2-3 cm lateral incision. Blood samples for measurement of IOPTH were taken at the time of induction of anaesthesia and 10 min after the adenoma excision. Reduction of parathormone (PTH) levels of more than 50 % in the postexcision sample was taken as evidence for complete extirpation of parathyroid adenoma. A solitary adenoma was identified in all the seven patients. After MIP, IOPTH levels fell in six of the seven patients.
Introduction
Nowadays, there is an increasing trend towards minimally invasive surgery (MIS) for parathyroid disease in many medical institutions worldwide, because hyperparathyroidism results from the enlargement of a single gland or parathyroid adenoma in 85 % of cases [1] . MIS is an open form of surgery performed using a transverse skin incision of 2.5 cm on the side of the affected gland [2] . This offers the dual advantage of being less painful and cosmetically more acceptable. Conventional surgery using a long incision is required only for multiple adenomata or hyperplasia, which occurs in 15-20 % of patients [3] . Thus, a large majority of patients with primary hyperparathyroidism can be offered MIS. The recommended localisation procedures before the initial operation are sestamibi scanning and ultrasonography. Research has shown that the sensitivity of ultrasonography and sestamibi localisation individually are 65 % and 80 %, respectively. Similarly, the sensitivity and accuracy of combined parathyroid imaging are 78-96 % and 88 % [4] [5] [6] . However, the sensitivity, specificity and accuracy rate of intraoperative parathormone assay (IOPTH) are 97 %, 100 % and 97 %, respectively, which is very high [7] . Also, in a substantial number of patients, no definitive localisation was made, as preoperative localisation studies were concordant only 50-60 % of the time [1, 5, 8] . But in 13-19 % of patients, monitoring the IOPTH levels during parathyroidectomy directly aids the surgeon's operative approach [7, 9] . Finally, to ensure that complete extirpation of the disease has taken place with excision of a solitary pathological parathyroid gland, rapid intraoperative estimation of PTH (IOPTH) has been introduced as an adjunct to preoperative localising imaging studies. A substantial fall in the parathormone (PTH) levels after excision of the gland will offer confirmation of the fact that surgery has been completely successful.
Aim
To evaluate the feasibility of rapid parathormone assay to enable minimally invasive parathyroid excision.
Patients and Methods
The present study is a retrospective observational study of seven patients undergoing minimally invasive parathyroid surgery at Sagar Hospital between August 2007 and September 2010. The symptoms of these patients were noted and all the seven patients underwent sestamibi scans and cervical ultrasonography (CUS) preoperatively. A nuclear medicine physician interpreted all the sestamibi scans. The CUS results were read by various radiologists.
Once the glands were localised, the patients underwent parathyroidectomy under general anaesthesia. Our technique uses a 2-3 cm transverse incision situated on the side of the abnormal gland, medial to the medial margin of the sternocleidomastoid muscle. The platysma is transected and the sternocleidomastoid muscle is retracted laterally to expose the strap muscles. These are retracted medially, exposing a space bounded anteromedially by the thyroid gland, laterally by the carotid sheath and the prevertebral fascia posteriorly. All the glands were sought and detected within this space (Fig. 1) . Parathyroidectomy was performed by careful dissection close to the gland with visualisation and preservation of the recurrent laryngeal nerve (Fig. 2) .
Rapid PTH Assay
Blood samples were collected into ethylenediaminetetraacetic acid tubes from a peripheral vein immediately after induction of anaesthesia, prior to excision of abnormal gland and 10 min after excision of the adenoma to measure PTH levels using IMMULITE 1000 Turbo intact PTH (chemiluminescent immunometric) assay. After confirmation of a reduction in PTH concentration of more than 50 % from the highest baseline value, the operation was concluded without visualising the remaining parathyroid glands.
All the patients were discharged either on the day of surgery or the following morning if surgery was performed in the afternoon. Serum calcium levels were measured on the first postoperative day and a month after the operation. Patients returned to the outpatient department a month later for a follow-up visit and were assessed for symptoms and complications along with a review of the histological findings. 
Results
A total of seven patients, four men, a boy and two women with a mean age of 45 (range 9-74) years, referred with various symptoms of hyperparathyroidism, ranging from subjective symptoms such as general malaise or depressed mood to objective signs and symptoms, such as decreased bone mineral density or nephrolithiasis, underwent minimally invasive parathyroid surgery. Mean preoperative calcium and PTH levels were 13.7 (range 11.9-17.4 mg/dl) and 571 (range 92.1-1500 pg/ml), respectively. Preoperative localisation identified a solitary lesion with sestamibi scan and CUS in all the patients.
All operations were completed using the MIS approach. A solitary adenoma was found in all the patients. Circulating PTH levels had fallen by more than 50 % from baseline levels, 10 min after gland excision in six of the seven patients. In all the patients except one, the boy, parathyroidectomy was curative as determined by normal postoperative serum calcium levels ( Table 1) .
Failure of IOPTH in One Patient
In the 9-year-old male, despite the removal of a typical large adenoma, based on preoperative localisation studies, the IOPTH level did not fall. The time taken to get the report of this patient's PTH value from the laboratory was more than 90 min, as against the normal period of 15 min. On enquiry, it was found that a new kit was used and there was some ambiguity about the report. The credibility of the report was questionable, and hence it was decided not to explore other parathyroid glands in the 9-year-old boy. This decision was conveyed to the patient's family soon after surgery. Postoperatively, high PTH levels and hypercalcaemia persisted with this patient. The need for further studies and re-exploration was explained to the family, but they got the patient discharged against medical advice. The operative specimen was reported as thymus on histology.
Discussion
The first description of the use of a rapid assay for measurement of intact parathyroid hormone in patients with hyperparathyroidism undergoing parathyroidectomy was reported in the late 1980s. Since then, its use has been enhanced by improved efficiency of analytical performance and has led to its increased clinical utility in the surgical management of hyperparathyroidism. Later, in 1994, Irvin proposed the combination of Tc-sestamibi (MIBI) scintigraphy, a preoperative tumour localisation method with rapid intraoperative parathyroid monitoring, which was considered as a notable breakthrough in the management of hyperparathyroidism. Since then, compared with the traditional bilateral neck exploration of all glands, this combination method simplified identification of the affected gland and prevented unnecessary bilateral neck exploration [10] [11] [12] .
Surgery for primary hyperparathyroidism remains curative and is the treatment of choice for the majority of patients. Advances in technology, such as improvement in preoperative localisation and IOPTH measurement, have facilitated the introduction of minimally invasive parathyroid excision as an effective mode of treatment. Thus, for a surgeon, the area of exploration identified by sestamibi scan, combined with the adequacy of resection confirmed by a satisfactory decrease in levels of intraoperative PTH, provides certainty of success in surgery [13] . Minimally invasive parathyroidectomy not only shortens the operative time but has added advantages such as a cosmetically better scar compared with the traditional bilateral neck exploration, reduction of patient/consumer expenses with shorter hospitalisation, and restoration of normal secretory activity of the gland by preventing unnecessary dissection of the healthy part of the gland [6, [14] [15] [16] . Also, when the operation is in progress, based on the variations in the plasma PTH, further exploration of the neck can be conducted [17] . However, when removing the localised single gland, the surgeon must be sure that the disease is extirpated completely. It has been proved that parathyroid glands are the only endocrine glands in the body to secrete parathormone and this 84-residue parathormone molecule has a half-life of <5 min and usually its secretion is suppressed by properly functioning parathyroid glands. Therefore, blood concentrations of intact PTH should decrease immediately within a short period of time subsequent to the removal of all hypersecreting parathyroid glands [18] . In the setting of primary hyperparathyroidism, numerous studies have shown that a rapid intraoperative PTH assay was accurate in predicting surgical success and reported cure rates of 96-98 % [7, 19] . Meanwhile, studies also revealed the recurrence rate after limited parathyroidectomy to be 1.5 %. This is comparable to the rates reported after conventional bilateral neck exploration [20] . The parathyroid imaging studies reported 96 % sensitivity and 88 % accuracy [5, 6] . The limited accuracy of parathyroid imaging precludes the surgeon from completely depending on the preoperative localisation studies. Hence, adjuncts such as intraoperative isotope scanning and IOPTH measurement have been utilised. However, a study reported that preoperative sestamibi imaging (81 %) was more accurate than intraoperative gamma probe (50 %) detection in localising abnormal parathyroid glands [21] . Similarly, based on their study, Perrier et al. [22] came to the conclusion that they need no longer use the gamma-probe, even though the gamma-probe is an effective investigation to preoperative sestamibi scanning in identifying abnormal glands, because this technique has contributed very little to the preoperative radio nucleotide study results and prolonged the operation time [22] . Often, imaging studies such as CUS and MIBI scans cannot differentiate parathyroid glands correctly from other structures, such as lymph node or thyroid nodules, preoperatively. The additional benefit of IOPTH can be used in these situations to confirm the findings on MIBI and CUS scans. Likewise, rapid IOPTH measurement changed the operative management in 29 % of concordant (where the CUS and sestamibi scans agreed completely on the site of the lesion) and 66 % of discordant (where the CUS and sestamibi scans did not agree completely on the site of the lesion) cases [9] . In addition, in secondary and tertiary hyperparathyroidism cases, the rapid PTH assay has been shown to be useful, and the success rate in reoperative cases for failed surgery or recurrent disease improved from 76 % to 94 % [23, 24] . Another study reported that the assay has also been able to predict severe postoperative hypocalcaemia in reoperative patients with multiglandular disease [25] . However, in a small number of reports, it has been suggested that intraoperative PTH monitoring does not significantly benefit the overall success rate of traditional surgery with bilateral neck exploration when it does not accurately detect the presence of double adenomas [26, 27] . This assay is not intended to replace, but to complement and provide guidance for the judgment and experience of the surgeon to determine surgical cure. Perrier et al. mentioned that, often with IOPTH results, good surgical judgement is still essential to prevent unnecessarily prolonged operations. They also reported that poor surgical judgement may result in needless exploration of abnormal glands, even after identifying all of them [22] . In our Sagar Hospital study, localisation was inaccurate in one of the seven patients. IOPTH did not show a postexcision reduction in this case. But, for various reasons outlined, formal complete exploration of the neck was not undertaken. This resulted in failure to extirpate the disease.
In the contemporary world, patients are concerned about their cosmetic appearance, and with the MIS approach, patients are satisfied more than ever before by the improved cosmetic results and reduced postoperative pain. Even Beyer and colleagues [12] agreed that this technique minimises unnecessary costs associated with operating room time, length of hospital stay and related services fees [23] . In addition, this technique significantly decreased the number of reoperations and it allowed the use of local anaesthesia for parathyroidectomy [19] . Udelsman and colleagues [13] reported that when compared with traditional methods of parathyoidectomy, MIP resulted in 50 % cost saving through the avoidance of an overnight hospital stay and use of local anaesthesia instead of general anaesthesia. They also reported that the mean hospital charge was reduced to 40 % of the previous charges [13] . Cosmesis and costing have not been formally assessed in this study.
The average operative time for parathyroidectomy with PTH monitoring and localisation was shortened to 36 min from 90 min compared with patients having parathyroidectomy without localisation and PTH assay [10] . Finally, the conventional assay for parathormone takes a significantly longer time to perform; in contrast, the rapid PTH assay takes less time and yields clinically similar results [17] .
In our study, in six of the seven cases, the location of the abnormal parathyroid gland was predicted accurately by preoperative imaging (sestamibi and CUS), and IOPTH levels fell by more than 50 % from baseline level within 10 min of abnormal parathyroid gland excision. In some patients, PTH might fall much more slowly than others, and hence Perrier et al. [22] repeated the PTH assay later in patients whose PTH levels did not fall by more than 50 % in 10 min.
Several PTH criteria can be used to confirm complete excision are as follows:
(1) >50 % PTH drop from preincision level only (disregarding pre-excision level) 10 min after parathyroid gland excision [17, 28, 29] . (2) >50 % PTH drop from the highest preincision or preexcision level 10 min after parathyroid excision, with the requirement that the IOPTH levels returns to normal range [6, 28, 30] . (3) >50 % PTH drop from the highest preincision or preexcision level 10 min after parathyroid excision and falling below the preincision IOPTH level [24] .
(4) >50 % PTH drop from the highest either preincision or preexcision level 5 min after parathyroid excision [10, 13] . (5) >50 % PTH drop from pre-excision level no more than 10 min after gland excision [31] .
Communication between the laboratory and the surgeon is essential for the proper planning and execution of intraoperative PTH tests [32] . In the one case that failed in our Sagar Hospital series, the delay and lack of communication already mentioned resulted in the decision not to explore the neck further and this caused the disease to persist.
Failure of PTH serum levels to fall promptly after removal of an abnormal parathyroid gland indicates that either the presence of residual hypersecreting parathyroid tissue was missed by preoperative localising studies, or the tissue removed was not the abnormally functioning parathyroid gland. Additionally, a failure to fall can occur during adenoma mobilisation [30] . This, however, is rare but can mislead the surgeon.
Our study has small numbers; it is a retrospective study and the follow-up is short. It can therefore be considered a pilot study that establishes the feasibility of the use of IOPTH assay intraoperatively. Larger prospective studies and a comparison of IOPTH assay with intraoperative scintigraphic localisation, with particular attention to the complexity and cost of the two procedures, will help resolve the contentious issue of confirmation of complete extirpation of parathyroid disease with the minimally invasive approach.
Conclusion
To conclude, even with the minimal number of cases evaluated in our study, rapid PTH has been a clear success in six of the seven patients. Through imaging studies and rapid PTH assay, it is feasible to successfully localise the uniglandular disease of hyperparathyroidism and parathyroidectomy can be performed through a more limited dissection. The whole procedure is more cost effective than traditional surgery and results in earlier discharge of patients, improved cosmetic appearance, and reduced postoperative pain. These are significant benefits for the patient and healthcare service alike.
